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Abstract
An investigation was carried out to determine whether there were significant changes in the intake
of haem and non-haem Fe of adult men and women in the UK from 1982 (aged 36 years) to 1999
(aged 53 years). The 1253 subjects studied were members of the Medical Research Council
National Survey of Health and Development; a longitudinal study of a nationally representative
cohort of births in 1946. Food intake was recorded in a 5-d diary at age 36 years in 1982, 43 years
in 1989 and 53 years in 1999. Outcome measures were mean intakes of total Fe, haem and non-
haem Fe, by year, gender and food source. There were significant changes in total Fe, haem Fe
and non-haem Fe intake over the three time points. Total Fe intake was significantly higher in
1989 than in 1982 or 1999 for both men and women but haem Fe was significantly lower in 1999
mainly due to a 40% fall in haem Fe from beef during this period. Haem Fe from processed meats
fell by more than 50% between 1989 and 1999 but that from poultry rose by more than 50%.
Cereal foods remained the most important source of non-haem Fe and the contribution from
breakfast cereals rose relative to that of bread over the 17 years. Several factors could be
responsible for these changes, particularly the importance of the epidemic of BSE from 1990. The
possible advantages of a lower haem Fe intake in older subjects are discussed.
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Fe deficiency is one of the most common nutrient deficiencies in the British population,
especially amongst pre-menopausal women and children. Measurements of Fe status in the
UK population in 2003 showed that 11% of women between 19 and 49 years had serum
ferritin <15 ug/l (the lower limit of the normal range) and 8% had haemoglobin <12 g/dl
(WHO lower limit)1. According to the National Food Survey, the overall mean intake of Fe
from food sources has fallen from a mean of 14 mg/d in 1965 to 10 mg/d in 2000 and the
sources of Fe have also changed; reduced consumption of bread and red meat but greater
consumption of Fe-fortified breakfast cereals2. However, Fe status is not necessarily related
to intake as Fe absorption depends on bioavailability and the level of Fe depletion in the
body. Non-haem Fe, which makes up 94% of dietary Fe in the UK2, is generally less well
absorbed than haem Fe and absorption can be reduced by various factors in the diet, such as
tannins, phytates, Ca, polyphenols, soya protein and dietary fibre3. The other 6% of dietary
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Fe is haem Fe that derives mainly from the haemoglobin and myoglobin of meat. Absorption
of haem Fe can vary between 40% during Fe deficiency to 10% under conditions of Fe
repletion4 and its absorption is less strongly influenced by other dietary factors.
Red meat (beef, lamb and pork) is the main source of haem Fe and although it still
contributes 5% of total Fe intake2, the consumption of red meat has fallen in recent years5.
Consumption of red meat has been related to the incidence of cancer6 and CVD7; the latter
attributed largely to the saturated fat content in particular. In addition to these health
implications of red meat consumption, the BSE (mad cow disease) epidemic, which reached
a peak in 1993, also served to reduce beef consumption in the UK. As a result it would be
expected that the proportion of haem Fe in the diet would be reduced. Although data on
haem Fe intake of British adults have been reported for 20002 there is no earlier, nationally
representative data to confirm this probable trend. The Medical Research Council National
Survey of Health and Development (NSHD) (1946 Birth Cohort) is a longitudinal study that
provided the opportunity to examine trends over time in a constant sample of subjects.
Results of dietary surveys carried out in 1982, 1989 and 1999 showed that whereas total Fe
consumption rose between 1982 and 1989, probably due to increased fortification of some
foods, intakes had fallen significantly by 1999 in both men and women8. The present paper
reports on a re-examination of the dietary data that have separated dietary Fe into haem and
non-haem components and identified changes in the sources of these components.
Method
The Medical Research Council NSHD, also known as the 1946 British Birth Cohort, is a
longitudinal study of health based on a social class-stratified, random sample of 5362
singleton births in England, Scotland and Wales during the first week of March 1946.
Throughout childhood and adult life, medical, social, educational and other information has
been collected on twenty-one occasions. Research nurses made home visits at ages 36, 43
and 53 years, in 1982, 1989 and 1999 respectively and left diet diaries to be completed. The
population interviewed at the age of 53 years was, in most respects, still representative of a
53-year-old, native-born population9. Of the 3035 cohort members who were contacted in
1999, there were 1263 individuals who had also provided dietary data in 1982 and 1989. Of
these, there were 1253 subjects; 562 men and 691 women, for whom there were diet records
of at least 3 d collected at each time point. This sub-sample forms the population for the
current analysis.
Dietary assessment
Details of the subjects and the dietary assessment methods have been reported previously8.
Subjects were asked to record all food and drink consumed both at home and away in 5-d
diaries using household measures and estimated portion sizes according to detailed guidance
notes and photographs provided at the beginning of the diary. The diaries were coded using
the in-house program DIDO10. The coded records were analysed using the in-house analysis
program that allows foods to be grouped as required for the purpose of identifying sources
of particular nutrients. The in-house food composition database is based on McCance and
Widdowson data from 1978 to 200211-16 so that each survey was analysed using time-
appropriate total Fe data. Values for haem Fe content were derived from the nutrient
databank originally compiled by the Ministry of Agriculture, Fisheries and Food, in which
the haem Fe had been calculated as 40% meat Fe17. The nutrient databank was downloaded
from the National Data Archive. The haem Fe content was then adjusted, if necessary, for
the total Fe if that was different in the older database14. Recipes were used for calculation of
haem and non-haem in foods not on the National Diet and Nutrition Survey (NDNS)
database and these calculated values were added to the in-house database.
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All foods and drink were separated into groups of haem and non-haem Fe sources. The
sources of haem Fe were further subdivided into different types of meat: beef; lamb; pork;
poultry; processed meats derived from these. Included in the designation of other meats
were fish, offal and game. Non-haem sources were divided into meat and meat products,
fruit, vegetables and potatoes, cereals and cereal products, milk and dairy products, eggs and
fats, drinks, confectionery, sauces and soups. Fe from supplements was not included in the
analysis.
Statistical analysis
Data analysis was by SPSS for MS Windows 10 (SPSS Inc., Chicago, IL, USA). Means and
95% CI for total Fe, haem and non-haem Fe intakes were calculated at each time point
stratified by gender. General linear models, repeated measures, was used to identify
significant changes over the 3 years, with post hoc Bonferroni comparisons18. Percentage
contributions to total haem and non-haem Fe from food groups in 1982 and 1999 were
compared and significant differences between the years were identified using the paired
sample t test, significance taken as P<0·05.
Results
Results are from the population of 1253 individuals, from whom there were dietary records
of at least 3 d collected in 1982 at age 36 years, in 1989 at age 43 years and in 1999 at age
53 years. Five completed days were obtained from 85% of respondents in 1982, 94% in
1989 and 99·5% in 1999. Dietary data were analysed according to gender and year of data
collection.
Tables 1 and 2 show the mean total Fe, haem and non-haem Fe intake of men and women
respectively in each of the 3 survey years. Also shown are the haem and non-haem Fe
intakes from each of the dietary sources. There was a significant increase in total Fe intake
from 1982 to 1989 due to an increase in non-haem Fe intakes in both men and women.
There were significant decreases in mean total Fe intakes in 1999 compared to 1989 in both
men and women, but intakes from women did not fall below that in 1982. However, haem
Fe intakes in 1999 were significantly lower than those in 1989 and 1982 for men and
women. The percentage of total Fe that was haem Fe fell from 9 to 6 in men and 8 to 5 in
women.
Haem Fe from beef and pork remained constant between 1982 and 1989 but fell
significantly in 1999 in both men and women. Haem Fe from lamb fell significantly from
1982 to 1989 in men and continued to fall between 1989 and 1999 in women, while that
from poultry rose continuously and significantly from 1982 to 1999 in all subjects.
Of other haem Fe sources, the quantity from processed meats fell significantly in 1999 to
less than half the intake in 1989. Offal is a very rich source of Fe but the quantity of haem
Fe from this source was halved between 1982 and 1999.
Intakes of non-haem Fe from cereal foods increased significantly between 1982 and 1989 in
men and women and fell again in 1999 but not below the 1982 level. The intake of non-
haem Fe from breakfast cereals, in particular, nearly doubled between 1982 and 1989 in men
and was also significantly higher in women. There was no significant change in the intake of
non-haem Fe from this source between 1989 and 1999 but the intake from bread fell
significantly in all subjects during this period.
Non-haem Fe from meat, fish, and dishes containing meat or fish fell from 1982 to 1999 in
both men and women. However, that from fruit and vegetables increased from 1982 to 1989
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in men and again from 1989 to 1999 in women. Non-haem Fe from dairy products and eggs
declined throughout the years in men and between 1982 and 1989 in women. Other non-
haem Fe sources, which include confectionery, sauces, soups and beverages (consisting of
alcohol, fizzy drinks, squashes and water), increased from 1989 to 1999. In particular, the Fe
intake from red wine increased significantly (P<0·001); intake in 1999 being more than
double that in 1989 (result not shown).
Figs. 1 and 2 show the mean percentage contributions of haem and non-haem Fe from
different sources in the diet of these subjects in 1982 and 1999. The most significant change
in sources of haem Fe was the fall in the contribution from beef from 41% to 35% (men) and
from 40% to 29% (women) from 1982 to 1999. Although haem Fe intakes from beef were
seen to fall, beef still remained the main contributor of haem Fe. The contribution to haem
Fe intakes from lamb was much smaller but also fell significantly between 1982 and 1999.
The percentage contribution from poultry in women showed a nearly three-fold increase
between 1982 and 1999 and in men increased from 7% to 18%. The percentage contribution
from other sources did not change significantly over the two time points.
Examination of non-haem Fe sources shows that in 1982 the main contributor was bread. In
1999, fruit and vegetables contributed the greatest percentage, the contribution from these
foods rose between the years, particularly in women. Cereals and cereal products, which
included breakfast cereals, bread, cakes, biscuits and puddings, contributed almost half of
the non-haem Fe intake, ranging from 40–42% in both survey years. The greatest change in
percentage contribution to non-haem Fe intake was the increase in that from breakfast
cereals, particularly in men where the contribution doubled between 1982 and 1999.
Discussion
The present study identifies significant changes in the intake of haem and non-haem Fe in a
cohort of adults in the UK investigated over a period of 17 years. Changes in total Fe intake
have already been reported with regard to the NSHD 1946 Birth Cohort8 but separate
intakes of haem and non-haem Fe intakes were not available at the time. The main findings
of the present study were:
1. Haem and non-haem Fe intakes rose through the years of 1982 to 1989 and fell in
1999; the same trend as that for total Fe.
2. Of the haem Fe sources, beef and beef products were the main contributors at all
time points, followed by poultry, pork and lamb. There was a decline in the intake
of haem Fe from beef, paralleled by an increase in that from poultry between 1989
and 1999.
3. Of non-haem Fe sources, the main contribution was from cereal foods, including
breakfast cereals, bread and other cereals such as pasta, rice, cakes, biscuits and
puddings, followed by fruit, nuts and vegetables and meat. The contribution from
breakfast cereals became relatively more important over the 17 years.
This is the first study to identify changes in haem and non-haem Fe that have taken place
over the critical period of the BSE epidemic in a nationally representative sample. A
comparison of beef-eaters and non-beef-eaters of the UK women’s cohort study was
undertaken to investigate whether Fe intakes were lower in the non-beef-eaters but this was
a cross sectional survey carried out between 1995 and 1996 with no pre-BSE data for
comparison, nor was haem Fe separated from non-haem Fe19. The strength of the present
study was that the same subjects were investigated at the different time points. However,
this results in the subjects being older at each time point and the changes that might be due
to ageing cannot be separated from secular changes. A minor weakness of the study is that
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the number of subjects who completed diaries at all three time points was small. Although
3035 of the original cohort were contacted in 1999, only 1253 had completed food diaries at
all time points and these may be the most motivated members of the cohort, with dietary
characteristics that may have been different from those who did not complete diaries. The
majority of these subjects were from non-manual occupational social classes8 who tend to
have a greater degree of literacy and are more health aware. Another weakness of the study
was the haem Fe database on which the results were based. The values on the Ministry of
Agriculture Fisheries and Food database were calculated on the assumption that 40% of all
meat Fe was haem Fe. This assumption was, in turn, taken from the work of Monsen, who
reported that 30 to 40% of the Fe in pork, liver and fish and 50 to 60% of the Fe in beef,
lamb and chicken was haem Fe20. As these figures come from analyses carried out many
years ago, there are grounds for concern that the basis of any work carried out on haem Fe
intakes using the Ministry of Agriculture Fisheries and Food databank may be unsound.
More recent analyses of meat in Italy have reported 72-87% haem Fe in red meats while the
haem Fe of poultry varied markedly between muscles21. However, since the same values
have been used for the national surveys2,22 as for the present study, comparisons would still
be valid.
Although we can speculate on the causes of the changes, there have been many different
ways in which intakes of haem Fe or non-haem Fe could have been influenced during the
years that have been studied. The range of foods, particularly convenience foods, available
to consumers has changed and expanded. Estimation of the Fe content of these ready-made
meals can be imprecise, as the formulation may differ from similar foods prepared at home
from ingredients. In addition, the price of foods, particularly of different types of meat
relative to one another, may have had an impact on consumer choice. Another factor is the
change in the nutrient content of foods. With regard to meat, this may be due to changes in
animal husbandry and slaughtering practices. Animals are now killed at a young age and
there is some evidence that intensive rearing results in lower mineral content of meat23.
Since 1996, unless certified under the Beef Assurance Scheme, cattle must be slaughtered
before 30 months of age24. With regard to non-haem Fe, levels of food fortification,
particularly of breakfast cereals, have also changed over the years11,12,14.
Changes in haem Fe intake over time and contribution from different food sources
As beef and beef products were the main contributor to the haem Fe intake in the diets of the
subjects at all time points, the decline in beef consumption between 1989 and 1999 was the
main cause of the reduction in total haem Fe intake in 1999. BSE was first confirmed in
cattle in 198625 and was given further impetus by the announcement by the Secretary of
State for Health in 1996 that there may be a link between BSE in cattle and variant CJD in
man. This resulted in a significant loss of confidence in British beef, especially the cheaper
cuts and beef products, both in the UK and in many export markets. Between 1982 and
1996, national consumption of beef and veal was halved and, although there was some
recovery in consumption by 1997, it did not return to pre-BSE levels5. Data from the NSHD
showed that haem Fe from beef in 1999 was approximately 40% lower than that of 1982 so
the consumption of beef would appear to mirror that reported by the National Food Survey,
which reports data derived from household purchases5. However, in a comparison of non-
beef-eating meat eaters and beef-eating meat eaters in the UK Women’s Cohort Study, no
difference was found in total Fe intake19.
Although BSE is considered to be the major contributory factor to the reduction in beef
consumption, there was already a decline in haem Fe intake between 1982 and 1989. The
contribution to haem Fe from lamb also fell through the years in the survey. This mirrors the
National Food Survey lamb and mutton consumption figures for 1982, 1989 and 19995. The
consumption of lamb did not rise in response to the decline in beef consumption in 1999,
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which could be explained by the cost of lamb relative to beef. In 1989 the cost of lamb was
26% less than beef but this difference had reduced to 8% by 1999. In addition, the public
loss of confidence in beef may also have extended to lamb, as there was speculation about
the relationship of BSE to scrapie, spongiform encephalopathy of sheep26. The rise in haem
Fe from poultry is a direct consequence of the fall in that from beef. The consumption of
lean poultry has been encouraged to reduce the intake of saturated fats and, together with the
health scare engendered by BSE, this has resulted in an increase in poultry consumption
coincident with the move away from red meats8. The fall in haem Fe from processed meats
between 1989 and 1999 may have been due to reduced consumption of processed meats as
the public became more aware of the risks to health that consumption of processed meats
presented, such as colorectal cancer27. There was also concern that processed beef products,
particularly those made from mechanically recovered meat, could be contaminated with
parts of the cow that were infected with BSE. In 1999 the NSHD cohort were at an age when
the maintenance of good health was becoming of greater significance so their response to all
the factors described earlier might have been greater than that of younger people.
Comparison with a nationally representative sample of the same age shows that total haem
Fe intake of the 1946 cohort in 1999 was only slightly lower than that reported by the NDNS
for the 50–64 year old age group in 2001 (0·78 compared with 0·9 mg/d (men); 0·52
compared with 0·6 mg/d (women)2.
Changes in non-haem Fe intake over time and contribution from other sources
In agreement with the findings of the 2001 NDNS, over 90% of the total Fe intake in this
survey was in the form of non-haem Fe. Of this, bread and breakfast cereals provided 33%,
which is slightly lower than that reported by the NDNS (35% men and 37% women)2. The
contribution from breakfast cereals increased through the years 1982 to 1989, when there
were substantial increases in Fe fortification levels11,12,14, in addition to an increase in the
quantity of breakfast cereals consumed (results not shown). A total of 73% of the increase in
Fe intake between 1982 and 1989 was due to fortification. Fruit and vegetable contribution
to non-haem Fe increased in both men and women, although the increase was greater in
women. A rise in the consumption of fruit and vegetables, particularly in the women of this
cohort, has already been reported and has been attributed to the exposure to health messages
in the media as well as advice from health professionals and the government8.
The present results have shown that the intake of haem Fe as a percentage of total Fe intake
has fallen as predicted in this cohort over a period of 17 years and this probably reflects the
national situation, as the 1999 NSHD results closely mirror those of the NDNS 2001: 0·9
and 0·6 mg/d for men and women respectively in the 50–64 year age group2. The estimated
average haem Fe intake in the UK in 1977 was 1·29 mg/d; 13% total Fe from food
sources22, which is higher than the intake of the NSHD men in 1982. As absorption of haem
Fe is known to be better than that of non-haem Fe and less affected by other dietary
constituents, this reduction in intake over the years could be cause for concern if the same
intakes were found in younger women in the UK. If this was the case, 16% would have Fe
intakes lower than the Lower Reference Nutrient Intake (LRNI), of which only 5% would be
of the more available haem Fe28. However, the majority of the women of the NSHD cohort
would have been post-menopausal in 1999 and their Fe requirement considerably reduced;
from 14·8 mg/d (pre-menopause) to 8·7 mg/d28.
The relationship between haem Fe intake and Fe accumulation in the body remains
controversial. Garry et al. found no association between dietary haem Fe intake and Fe
stores in either a longitudinal or cross sectional study of elderly men and women, aged from
60 to 93 years29. However, analysis of the data from the NDNS of people aged over 64
years found that dietary haem Fe intake was positively associated with serum ferritin of the
women but not in men30. Cade also reported that there was a strong positive association
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between serum ferritin and haem Fe, but not total Fe or non-haem Fe, and there was an
effect of genotype that primarily occurred after menopause31.
With regard to the NSHD cohort, at age 53 years, the reduction in haem intake may be
advantageous as there have been reported associations between moderate increases in body
Fe stores and/or haem Fe intake of the elderly and risk for some age-related chronic
diseases. An increased risk of myocardial infarction among men with higher intakes of haem
Fe, which itself was positively associated with higher Fe stores, was reported from the
USA32. In the Netherlands, CHD was found to be linked with high dietary haem Fe intake in
women33. These women had very high haem Fe intakes; a mean of 1·81 mg/d, which was
much higher than the 0·52 mg/d of the NSHD women. A positive association has also been
found between haem Fe intake and the risk of type II diabetes34,35, although the authors
qualify their findings by admitting that they were unable to determine whether the
association was due to haem Fe or to other components of red meat.
There are reports that the association between colon cancer and red meat consumption is not
due to the fat or protein content of meat but its haem Fe content. Haem Fe was shown to
increase epithelial proliferation and colonic cytotoxicity in rats36, and in studies on rats and
human subjects haem Fe intake was associated with markers for colon cancer risk37,38.
An elevated risk of colon cancer with increasing intake of haem Fe was suggested by data
from the Netherlands Cohort39 and the Iowa Women’s Health Study40.
Finally, there have been reports of associations between Fe stores, ageing and
neurodegenerative disorders. There are mechanisms within the brain to store and regulate
the availability of Fe that is vital to its function but there is evidence that in some
neurodegenerative disorders there is an excess accumulation of Fe at specific sites that
suggests that the homeostatic mechanisms are disturbed41-43. In Parkinson’s disease, the
pigment neuromelanin in the substantia nigra has a high Fe binding capacity44.
Compared with other haem Fe intakes reported, 1·81 mg/d (women) in the Netherlands33,
1·13 mg/d in Italy45 and 1·27 mg/d (men) in the USA34, the haem Fe intake of the NSHD
cohort, 0·78 (men) and 0·52 (women) mg/d, was low but agreed with that reported for the
UK nationally; 0·9 and 0·6 mg/d2. As described earlier, these higher intakes may have been
due to differences in estimation of haem Fe in foods in different countries and this
emphasises the need for further analytical work to establish an accurate database of haem Fe
content of British foods. However, Fe intake is not an indicator of status and until a formula
is calculated from the whole diet on a meal-by-meal basis, which takes into account both the
enhancers and inhibitors of Fe absorption, we cannot judge how much of the dietary Fe was
actually available to the NSHD subjects. The health of the cohort is being followed as they
age and further work is needed to establish whether they are at risk of over- or under-
nutrition with regard to Fe.
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Fig. 1.
Mean percentage contribution to total haem Fe intake from different meats by year (□,
1982; ■, 1999) for (A) men and (B) women. The Y axis shows the mean percentage
contribution from each of the types of meat given on the X axis. ‘Other’ refers to fish, offal
and game. The standard errors of the means are indicated by the vertical bars. Food intake
data was recorded in a 5-d diary by subjects in the National Survey of Health and
Development 1946 birth cohort at three time points: 1982; 1989; 1999. The results shown
are for the 562 men and 691 women who completed at least 3 d of records in all 3 years.
Mean values were significantly different from those of 1982: ***P<0·001. For details of
subjects and procedures, see Method.
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Fig. 2.
Mean percentage contribution to total non-haem Fe intake from different food groups by
year (□, 1982; ■, 1999) for (A) men and (B) women. The Y axis shows the mean
percentage contribution of food groups given on the X axis. ‘Other’ refers to sugars,
confectionery, sauces, soups and beverages. The standard errors of the means are indicated
by the vertical bars. Food intake data was recorded in a 5-d diary by subjects in the National
Survey of Health and Development 1946 birth cohort at three time points: 1982; 1989; 1999.
The results shown are for the 562 men and 691 women who completed at least 3 d of
records in all 3 years. Mean values were significantly different from those of 1982:
***P<0·001. For details of subjects and procedures, see Method.
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